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Abstract
In this paper, we investigate spherically symmetric perfect fluid
gravitational collapse in metric f(R) gravity. We take non-static
spherically symmetric metric in the interior region and static spheri-
cally symmetric metric in the exterior region of a star. The junction
conditions between interior and exterior spacetimes are derived. The
field equations in f(R) theory are solved using the assumption of con-
stant Ricci scalar. Inserting their solution into junction conditions,
the gravitational mass is found. Further, the apparent horizons and
their time of formation is discussed. We conclude that the constant
scalar curvature term f(R0) acts as a source of repulsive force and
thus slows down the collapse of matter. The comparison with the cor-
responding results available in general relativity indicates that f(R0)
plays the role of the cosmological constant.
Keywords: f(R) theory; Gravitational collapse.
1 Introduction
New evidence coming from astrophysics and cosmology has revealed a quite
unexpected picture of the expanding universe. This cosmic acceleration is
directly supported by high red-shift supernovae, large scale structure and
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weak lensing. What causing the repulsive effect in the cosmic expansion is
one of the mysteries of modern era. Theoretically, the phenomenon can be
accounted for either by supplementing the energy-momentum tensor by ex-
otic matter component with large negative pressure (dark energy) [1]-[3] or
by modifying gravity itself. There exist a family of modified theories of grav-
ity which extend in some way general relativity, for example, scalar tensor
theory of gravity, Brans-Dick theory, string theory, Guass-Bonnet theory and
f(R) theories of gravity.
The f(R) theories of gravity provide the very natural gravitational alter-
native for dark energy. It has given birth to a great number of papers in
recent years, for example, [4]-[6]. Several features including solar system test
[7], Newtonian limit [8], gravitational stability [9] and singularity problems
[10] are exhaustively discussed in this theory. General principles such as the
so-called energy conditions have been used to place constraints on f(R) the-
ory [11]. Amendola et al. [12] have derived the conditions under which dark
energy f(R) models are cosmologically viable. Erickcek et al. [13] found the
unique exterior solution for a stellar object by matching it with interior so-
lution in the presence of matter sources in metric f(R) gravity. Kainulainen
et al. [14] studied the interior spacetime of stars in Palatini f(R) gravity.
Gravitational collapse is one of the most important and thorny problems
in general relativity. It is at the heart of structure formation in the universe
through which clusters of galaxies, stellar groups, stars and planets came into
being. One can study the gravitational collapse by taking the interior and
exterior regions of spacetime. The proper junction conditions are formed that
allow the smooth matching of these regions. Oppenheimer and Synder [15]
were the pioneers to study gravitational collapse. Herrera and Santos [16]
discussed the dynamics of gravitational collapse which undergoes dissipation
in the form of heat flow and radiation.
It has been predicted that gravitational collapse of massive objects leads
to the formation of spacetime singularities [17],[18]. These singularities can
be of two types: an observable singularity (naked singularity) and a singu-
larity that cannot be observed (black hole). Penrose [19] suggested a cosmic
censorship conjecture (CCC) according to which the final outcome of a grav-
itational collapse must be a black hole. Most of the studies in gravitational
collapse have considered the Tolman-Bondi-Lemaitor spherically symmet-
ric spacetimes containing irrotational dust to support or disprove the CCC
[20],[21]. A general conclusion from these studies is that a central curvature
singularity forms but its local or global visibility depends on the initial data.
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An extensive study of gravitational collapse has been carried out in the
presence of cosmological constant. Markovic and Shapiro [22] generalized the
pioneer work in the presence of a positive cosmological constant. Lake [23]
extended this study with both positive and negative cosmological constants.
Sharif and Ahmad [24] investigated gravitational collapse of a perfect fluid
with a positive cosmological constant and generalized this work to five and
higher dimensional spacetimes [25]. Recently, Sharif and Abbas [26] extended
the same work for electromagnetic charged perfect fluid. In this paper, we
explore gravitational collapse of a perfect fluid in metric f(R) gravity.
The paper is organized as follows. Junction conditions are discussed in
the next section. In section 3, we solve the field equations in metric f(R)
gravity. Here we assume the condition of constant scalar curvature which
is very large to meet the requirement of gravitational collapse. Section 4
is devoted to study the apparent horizons and their time of formation. We
summarize and discuss the results in section 5.
2 Junction Conditions
In this section, we derive the conditions to be satisfied at the surface of a
collapsing perfect fluid sphere. We assume spherical symmetry about an
origin O and a 3D hypersurface Σ centered at O which divides spherically
symmetric spacetime into interior and exterior regions referred as V − and
V + respectively. The interior spacetime to Σ can be described by the line
element
ds2
−
= dt2 −X2dr2 − Y 2(dθ2 + sin2 θdφ2), (2.1)
where X and Y are functions of t and r. For the exterior spacetime to Σ, we
take the Schwarzschild spacetime
ds2+ = (1−
2M
R
)dT 2 − 1
1− 2M
R
dR2 − R2(dθ2 + sin2 θdφ2), (2.2)
where M is a constant. In accordance with Israel junction conditions [28],
we suppose that the first and second fundamental forms inherited by Σ from
the interior and exterior spacetimes are same, i.e.,
1. The continuity of line element over Σ gives
(ds2
−
)Σ = (ds
2
+)Σ = ds
2
Σ. (2.3)
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2. The continuity of extrinsic curvature over Σ yields
[Kij] = K
+
ij −K−ij = 0, (i, j = 0, 2, 3) (2.4)
where Kij is the extrinsic curvature defined as
K±ij = −n±σ (
∂2xσ
±
∂ξi∂ξj
+ Γσµν
∂xµ±∂x
ν
±
∂ξi∂ξj
), (σ, µ, ν = 0, 1, 2, 3). (2.5)
Here ξi correspond to the coordinates on Σ, xσ
±
are the coordinates in V ±, the
Christoffel symbols Γσµν are calculated from the interior or exterior spacetimes
and n±σ are components of outward unit normals to Σ in the coordinates x
σ
±
.
In terms of interior and exterior spacetime coordinates respectively, the
equation of hypersurface is given as follows
h−(r, t) = r − rΣ = 0, (2.6)
h+(R, T ) = R−RΣ(T ) = 0, (2.7)
where rΣ is a constant. When we make use of Eq.(2.6) in Eq.(2.1), the metric
on Σ becomes
(ds2
−
)Σ = dt
2 − Y 2(rΣ, t)(dθ2 + sin θ2dφ2). (2.8)
Also, Eqs.(2.7) and (2.2) yield
(ds2+)Σ =
(
1− 2M
RΣ
− 1
1− 2M
RΣ
(
dRΣ
dT
)2
)
dT 2 −R2Σ(dθ2 + sin θ2dφ2). (2.9)
Here we assume that(
1− 2M
RΣ
− 1
1− 2M
RΣ
(
dRΣ
dT
)2
)
> 0, (2.10)
so that T is a timelike coordinate. From Eqs.(2.3), (2.8) and (2.9), it follows
that
RΣ = Y (rΣ, t), (2.11)(
1− 2M
RΣ
− 1
1− 2M
RΣ
(
dRΣ
dT
)2
) 1
2
dT = dt. (2.12)
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The outward unit normals in regions V − and V +, respectively, are found
from Eqs.(2.6) and (2.7)
n−µ = (0, X(rΣ, t), 0, 0), (2.13)
n+µ = (−R˙Σ, T˙ , 0, 0). (2.14)
The components of extrinsic curvature K±ij become
K−00 = 0, (2.15)
K−22 = csc
2 θK−33 =
(
Y Y ′
X
)
Σ
, (2.16)
K+00 =
(
R˙T¨ − T˙ R¨ + 3MR˙
2T˙
R(R − 2M) −
M(R − 2M)T˙ 3
R3
)
Σ
, (2.17)
K+22 = csc
2 θK+33 = [T˙ (R− 2M)]Σ, (2.18)
where dot and prime mean differentiation with respect to t and r respectively.
From Eq.(2.4), the continuity of extrinsic curvature gives
K+00 = 0, K
+
22 = K
−
22. (2.19)
Using Eqs.(2.15)-(2.19) along with Eqs.(2.11) and (2.12), the junction con-
ditions turn out to be
(XY˙ ′ − X˙Y ′)Σ = 0, (2.20)
M =
(
Y
2
+
Y
2
Y˙ 2 − Y
2X2
Y ′
2
)
Σ
. (2.21)
Equations (2.11), (2.12), (2.20) and (2.21) are the necessary and sufficient
conditions for the smooth matching of the interior and exterior regions.
3 Field Equations in f(R) Gravity and their
Solution
The action of f(R) gravity in the presence of matter described by the matter
Lagrangian LM is given by [1]
S =
∫
d4x
√−g
[
f(R)
2κ
+ LM
]
, (3.22)
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where the matter Lagrangian depends on the metric gµν and the matter fields.
Varying this action with respect to metric tensor, we obtain the following field
equations
F (R)Rµν − 1
2
f(R)gµν −∇µ∇νF (R) + gµνF (R) = κTµν , (3.23)
where F (R) ≡ df(R)/dR,  ≡ ∇µ∇µ with ∇µ representing the covariant
derivative and κ(= 8pi) is the coupling constant in gravitational units. These
are the fourth order partial differential equations in the metric tensor. The
fourth order is due to the last two terms on the left side of the equation.
Capozziello, et al. have discussed the general solutions of these fourth order
equation in the context of spherically symmetry [27]. If we take f(R) = R,
these equations reduce to the field equations in general relativity. The energy-
momentum tensor for perfect fluid is
Tµν = (ρ+ p)uµuν − pgµν , (3.24)
where ρ is the energy density, p is the pressure and uµ = δ
0
µ is the four-vector
velocity in co-moving coordinates. Using Eq.(3.24) in Eq.(3.23), we have
Rµν =
1
F (R)
[8pi((ρ+ p)uµuν − pgµν)+ 1
2
f(R)gµν +∇µ∇νF (R)− gµνF (R)].
(3.25)
Equations (3.25) for the interior spacetime take the form
R00 = −X¨
X
− 2 Y¨
Y
=
1
F (R)
[8piρ+
1
2
f(R)− (−F
′′(R)
X2
+
X˙F˙ (R)
X
+
X˙F ′(R)
X3
+
2Y˙ F˙ (R)
Y
− 2Y
′F ′(R)
X2Y
)], (3.26)
R11 = −X¨
X
− 2X˙
X
Y˙
Y
+
2
X2
[
Y ′′
Y
− Y
′X ′
XY
]
=
1
F (R)
[
1
2
f(R)− 8pip+X2(F¨ (R) + 2Y˙ F˙ (R)
Y
− 2Y
′F ′(R)
X2Y
)], (3.27)
R22 = − Y¨
Y
− ( Y˙
Y
)2 − X˙
X
Y˙
Y
+
2
X2
[
Y ′′
Y
+ (
Y ′
Y
)2 − X
′
X
Y ′
Y
− (X
Y
)2]
=
1
F (R)
[
1
2
f(R)− 8pip+ Y 2(F¨ (R)− F
′′(R)
X2
+
X˙F˙ (R)
X
+
X˙F ′(R)
X3
)],
(3.28)
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R33 = sin
2θR22, (3.29)
R01 = −2 Y˙
′
Y
+ 2
X˙
X
Y ′
Y
=
1
F (R)
[F˙ ′ − X˙
X
F ′]. (3.30)
To solve this set of the field equations (3.26)-(3.30), we need to integrate
Eq.(3.30) to get the explicit value of X . It follows from Eq.(3.30) that
X =
∫
2Y˙ ′F + F˙ ′Y
2Y ′F + F ′Y
dt.
We see that this cannot be integrated unless we have some value of F such
that derivative of the denominator should be the numerator. The condition
of constant scalar curvature (R = R0), according to which F (R0) = constant,
enables us to solve this integral. This means that the Ricci scalar obtained
by contracting Eq.(3.25) must be constant which is possible only if we take
pressure and density constant, i.e., p = p0, ρ = ρ0. Consequently, the field
equations become
−X¨
X
− 2 Y¨
Y
=
1
F (R0)
[8piρ0 +
1
2
f(R0)], (3.31)
−X¨
X
− 2X˙
X
Y˙
Y
+
2
X2
[
Y ′′
Y
− Y
′X ′
XY
] =
1
F (R0)
[
1
2
f(R0)− 8pip0], (3.32)
− Y¨
Y
− ( Y˙
Y
)2 − X˙
X
Y˙
Y
+
2
X2
[
Y ′′
Y
+ (
Y ′
Y
)2 − X
′
X
Y ′
Y
− (X
Y
)2]
=
1
F (R0)
[
1
2
f(R0)− 8pip0], (3.33)
Y˙ ′
Y
− X˙
X
Y ′
Y
= 0. (3.34)
Now we solve Eqs.(3.31)-(3.34). Integration of Eq.(3.34) with respect to
t yields
X =
Y ′
W
, (3.35)
where W = W (r) is an arbitrary function of r. Using this equation in
Eqs.(3.31)-(3.34), it follows that
2
Y¨
Y
+ (
Y˙
Y
)2 +
(1−W 2)
Y 2
=
1
F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
. (3.36)
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Integrating this equation with respect to t, it follows that
Y˙ 2 = W 2 − 1 + 2m
Y
+
1
F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
Y 2
3
, (3.37)
where m = m(r) is an arbitrary function of r and is related to the mass of
the collapsing system. Substituting Eqs.(3.35), (3.37) into Eq.(3.31), we get
m′ =
4pi
F (R0)
(p0 + ρ0)Y
′Y 2. (3.38)
Integrating this equation with respect to r, we obtain
m(r) =
4pi
F (R0)
(p0 + ρ0)
∫
Y ′Y 2dr + c(t), (3.39)
where c(t) is a function of integration. Since mass cannot be negative due to
physical reasons, we must take the function m(r) positive. Using Eqs.(3.35)
and (3.37) into the junction condition Eq.(2.21), it follows that
M = m+
1
6F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
Y 3. (3.40)
The total energy M˜(r, t) up to a radius r at time t inside the hypersurface
Σ can be calculated by using the definition of mass function [29] given by
M˜(r, t) =
1
2
Y (1 + gµνY,µY,ν). (3.41)
For the interior metric, it becomes
M˜(r, t) =
1
2
Y [1 + Y˙ 2 − (Y
′
X
)2]. (3.42)
Replacing Eqs.(3.35) and (3.37) in Eq.(3.42), we obtain
M˜(r, t) = m(r) +
1
6F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
Y 3. (3.43)
Here we assume
1
F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
> 0 (3.44)
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and the condition
W (r) = 1. (3.45)
Using Eqs.(3.35), (3.37) and (3.45) so that we have analytic solutions in
closed form as follows
Y =
(
6mF (R0)
4pi(p0 − ρ0)− 12f(R0)
) 1
3
sinh
2
3 α(r, t), (3.46)
X =
(
6mF (R0)
4pi(p0 − ρ0)− 12f(R0)
) 1
3
[
m′
3m
sinhα(r, t)
+ t′s(r)
√
4pi(p0 − ρ0)− 12f(R0)
3F (R0)
coshα(r, t)] sinh
−1
3 α(r, t), (3.47)
where
α(r, t) =
√
3(4pi(p0 − ρ0)− 12f(R0))
4F (R0)
[ts(r)− t]. (3.48)
Here ts(r) is an arbitrary function of r which denotes the time formation of
singularity for a particular shell at distance r.
When f(R0)→ 8pi(p0−ρ0), the above solution corresponds to the Tolman-
Bondi solution [30]
lim
f(R0)→8pi(p0−ρ0)
X(r, t) =
m′(ts − t) + 2mt′s
[6m2(ts − t)] 13
, (3.49)
lim
f(R0)→8pi(p0−ρ0)
Y (r, t) =
[
9m
2
(ts − t)2
] 1
3
. (3.50)
4 Apparent Horizons
The apparent horizon is formed when the boundary of trapped two spheres
is formed. The formula to find such a boundary with null outward normals
is given as follows
gµνY,µY,ν = Y˙
2 − (Y
′
X
)2 = 0. (4.51)
Using Eqs.(3.35) and (3.37), we get
1
F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
Y 3 − 3Y + 6m = 0. (4.52)
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The values of Y yield the apparent horizons. For f(R0) = 8pi(p0 − ρ0), we
have Y = 2m, i.e., Schwarzschild horizon. Equation (4.52) can have the fol-
lowing positive roots.
Case (i): For 3m <
√
F (R0)
4pi(p0−ρ0)−
1
2
f(R0)
, we obtain two horizons, namely
cosmological horizon, Yc, and black hole horizon, Ybh, i.e.
Yc =
√
4F (R0)
4pi(p0 − ρ0)− 12f(R0)
cos
ϕ
3
, (4.53)
Ybh = −
√
4F (R0)
4pi(p0 − ρ0)− 12f(R0)
(
cos
ϕ
3
−
√
3 sin
ϕ
3
)
, (4.54)
where
cosϕ = −3m
√
F (R0)
4pi(p0 − ρ0)− 12f(R0)
. (4.55)
If we take m = 0, it follows from Eqs.(4.53) and (4.54) that
Yc =
√
3F (R0)
4pi(p0 − ρ0)− 12f(R0)
and Ybh = 0. (4.56)
For m 6= 0 and f(R0) 6= 8pi(p0 − ρ0), Yc and Ybh can be generalized [31]
respectively.
Case (ii): For 3m =
√
F (R0)
4pi(p0−ρ0)−
1
2
f(R0)
, there is only one positive root which
corresponds to a single horizon i.e.,
Yc = Ybh =
√
F (R0)
4pi(p0 − ρ0)− 12f(R0)
. (4.57)
This shows that both horizons coincide. The ranges for these horizons can
be written as follows
0 ≤ Ybh ≤
√
F (R0)
4pi(p0 − ρ0)− 12f(R0)
≤ Yc ≤
√
3F (R0)
4pi(p0 − ρ0)− 12f(R0)
. (4.58)
The largest proper area of the black hole horizon is given by
4piY 2 =
8piF (R0)
8pip0(p0 − ρ0)− f(R0) (4.59)
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and the cosmological horizon has its area between
8piF (R0)
8pi(p0 − ρ0)− f(R0)
and
24piF (R0)
8pi(p0 − ρ0)− f(R0)
(4.60)
Case (iii): For 3m >
√
F (R0)
4pi(p0−ρ0)−
1
2
f(R0)
, there are no positive roots and
consequently there are no apparent horizons.
Now we calculate the time of formation for the apparent horizon using
Eqs.(3.46) and (4.52)
tn = ts −
√
4F (R0)
12pi(p0 − ρ0)− 32f(R0)
sinh−1(
Yn
2m
− 1) 12 , (n = 1, 2). (4.61)
When f(R0)→ 8pi(p0 − ρ0), this corresponds to Tolman-Bondi solution [30]
given as
tah = ts − 4
3
m. (4.62)
From Eq.(4.61), we can write
Yn
2m
= cosh2 αn, (4.63)
where
αn(r, t) =
√
3(4pi(p0 − ρ0)− 12f(R0))
4F (R0)
[ts(r)− tn)]. (4.64)
Equations (4.58) and (4.61) imply that Yc ≥ Ybh and t2 ≥ t1 respectively.
Here t1 denotes the time formation of cosmological horizon and t2 denotes
the time formation of black hole horizon. The inequality t2 ≥ t1 indicates
that the cosmological horizon forms earlier than the black hole horizon.
The time difference between the formation of cosmological horizon and
singularity and the formation of black hole horizon and singularity respec-
tively can be found as follows. Using Eqs.(4.53)-(4.55), it follows that
d( Yc
2m
)
dm
=
1
m
(
−sin
ϕ
3
sinϕ
+
3 cos ϕ
3
cosϕ
)
< 0, (4.65)
d(Ybh
2m
)
dm
=
1
m
(
−sin
(ϕ+4pi)
3
sinϕ
+
3 cos (ϕ+4pi)
3
cosϕ
)
> 0. (4.66)
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The time difference between the formation of singularity and apparent hori-
zons is
Tn = ts − tn. (4.67)
It follows from Eq.(4.63) that
dTn
d( Yn
2m
)
=
1
sinhαn coshαn
√
3
F (R0)
[4pi(p0 − ρ0)− 12f(R0)]
. (4.68)
Using Eqs.(4.65) and (4.68), we get
dT1
dm
=
dT1
d( Yc
2m
)
d( Yc
2m
)
dm
=
1
m
√
3
F (R0)
[4pi(p0 − ρ0)− 12f(R0)] sinhα1 coshα1
×
(
−sin
ϕ
3
sinϕ
+
3 cos ϕ
3
cosϕ
)
< 0.(4.69)
It shows that T1 is a decreasing function of mass m. This means that time
interval between the formation of cosmological horizon and singularity is
decreased with the increase of mass. Similarly, from Eqs.(4.66) and (4.68),
we get
dT2
dm
=
1
m
√
3
F (R0)
[4pi(p0 − ρ0)− 12f(R0)] sinhα2 coshα2
×
(
−sin
(ϕ+4pi)
3
sinϕ
+
3 cos (ϕ+4pi)
3
cosϕ
)
> 0. (4.70)
This indicates that T2 is an increasing function of mass m showing that the
time difference between the formation of black hole horizon and singularity
is increased with the increase of mass.
5 Summary and Discussion
In this paper we have discussed different aspects of gravitational collapse in
metric f(R) gravity. For this purpose, the field equations are solved using
the assumption of constant scalar curvature. To meet the requirement of
gravitational collapse, we assume that scalar curvature is very large constant
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quantity. We obtain two physical apparent horizons (Eq.(4.52)) named as
black hole horizon and cosmological horizon. It is concluded that black hole
horizon requires more time for its formation as compared to cosmological
horizon. However, both the horizons form earlier than singularity which
indicates that singularity is covered, i.e, black hole. In this way, f(R) gravity
seems to support CCC.
Now we discuss how the constant scalar curvature term f(R0) affects
the rate of gravitational collapse. For the exterior metric, the Newtonian
potential, φ = 1
2
(1− g00), becomes
φ(R) =
m
R
+
R2
6F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
. (5.71)
Taking derivative of this equation with respect to R, we obtain the corre-
sponding Newtonian force
F = −m
R2
+
R
3F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
. (5.72)
This force has no effect on collapsing matter for the following values of m
and R
m =
1
3
√
1
F (R0)
[4pi(p0 − ρ0)− 12f(R0)]
R =
1√
1
F (R0)
[4pi(p0 − ρ0)− 12f(R0)]
.
However, the force will be repulsive (positive) if the values of m and R are
larger than the above values, provided that 1
F (R0)
[4pi(p0− ρ0)− 12f(R0)] > 0.
In other words, the repulsive force can be generated by f(R0) if f(R0) <
8pi(p0−ρ0) over the entire range of the collapsing sphere. Hence, this repulsive
force slows down the collapse of matter. The case of attractive (negative)
force contradicts Eq.(3.44) and hence our results do not favor the faster
rate of the collapsing process. The above results can also be verified from
Eq.(3.37) indicating the acceleration of collapsing matter as follows
Y¨ = − m
Y 2
+
1
F (R0)
[
4pi(p0 − ρ0)− 1
2
f(R0)
]
Y
3
. (5.73)
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The analysis of positive and negative acceleration provides the same results
on f(R0) as we obtained from the Newtonian force.
We would like to mention here why to explore the constant curvature
solution in a typical modified modified f(R) gravity. To generate the accel-
erating expansion in the present universe, f(R) could be a small constant
[32]. The universe starts from the inflation driven by the effective cosmo-
logical constant at the early stage, where curvature is very large. When the
curvature becomes smaller, the effective cosmological constant also becomes
smaller. There appears the small effective cosmological constant when the
density of the radiation and the matter becomes small and the curvature
goes to the value R0. Thus expansion could start and cosmological constant
can be identified as f(R0) in the present accelerating era.
It is well-known that only those f(R) models are cosmologically viable
whose solution correspond to general relativity. The class of constant scalar
curvature solutions with spherically symmetry contains black hole solutions
in the presence of cosmological constant. For example, the Schwarzschild anti
de-Sitter solutions and all the topological solutions associated with a negative
Λeff . Exact solutions of cylindrical symmetric spacetimes with assumptions
of constant scalar curvature are applicable to the exterior of a string.
Finally, we conclude that the term f(R0) plays the same role as that
of the cosmological constant in the Einstein field equations [24]. In general
relativity, the cosmological constant acts as a repulsive force (hence slows
down the collapse of matter) and same does f(R0). It would be worthwhile
to investigate these issues in f(R) theory by dropping the assumption of
scalar curvature for complete understanding of gravitational collapse.
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